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RESEARCH MEMORANDUM 


EFFECT OF NOSE SHAPE AND TRAILING-EDGE BLUNTNESS ON 
THE AERODYNAMIC CHARACTERISTICS OF AN UNSWEPT 
WING OF ASPECT RATIO 3.1, TAPER RATIO 0.4, 

AND 3-PERCENT THICKNESS 


By John C. Heiimeyer 
SUMMARY 


The effects of blunting the tr&iling edge and/or rounding the lead- 
ing edge upon the lift, drag, and pitching-moment characteristics of а 
plane tapered wing in combination with а body have been experimentally 
investigated at Mach numbers ranging from 0.61 to 0.93 and from 1.20 
to 1.90. Results indicate that blunting the trailing edge to 0.3 of the 
maximum airfoil thickness reduced the forward movement of the &erodynamic 
center, noted for the sharp-trailing-edge sections at high subsonic 
speeds without, in general, a significant reduction in the maximum lift- 
drag ratio. At all Mach numbers, blunting the trailing edge increased 
the minimum drag. Rounding the leading edges of the wings having either 
the sharp or the blunt trailing edges decreased the minimum drag and, 
with one exception, increased the maximum lift-drag ratios at subsonic 
speeds. At supersonic speeds the opposite effects were noted. 


INTRODUCTION 


It was shown in reference 1 that for unswept wings with sharp trail- 
ing edges the forward movement of the aerodynamic center with increasing 
Mach number at high subsonic speeds was reduced or eliminated if the 
trailing-edge thickness was made equal to or greater than one-half the 
maximum thickness of the section. Unfortunately, this improvement in 
stability characteristics was accompanied by an increase in minimum drag 
and a decrease in maximum lift-drag ratio. It was suggested, therefore, 
that in light of the results of reference 2, it might be possible to 
realize the improved pitching-moment characteristics without the delete- 
rious effects on drag by thickening the trailing edge to less than 
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one-half the maximum thickness of the section. The present investigation 
was undertaken, therefore, to determine experimentally the aerodynamic 
characteristics of the wing-body combination of reference 1, employing 
the same plane tapered wing of aspect ratio 3.1 with 3-percent-thick, 
circular-arc, biconvex sections, but modified to have a trailing-edge 
thickness equal to 0.3 of the maximum airfoil thickness. The present 
investigation was extended to include also wings having the more con- 
ventional round-nose airfoil sections to determine if the aforementioned 
beneficial effects due to blunting the trailing edge would be realized 

on wings having round-nose &irfoil sections. 


The experimental data for the models with wings having sharp trail- 
ing edges were obtained from the tabulated results of reference 3. The 
results for the models with the blunt-trailing-edge wings were obtained 
during the present investigation апа are presented herein. 


NOTATION 
a.c. aerodynamic center position, percent ¢ from leading edge of ¢ 
b wing span 
d 
Cy drag coefficient, — 
q 


CDnin minimum drag coefficient 


Lift 


στ, lift coefficient, 


pitching moment 


Tase 
(Pitching moments were referred to a horizontal axis through 
the quarter point of the wing mean aerodynamic chord.) 


Cm pitehing-moment coefficient, 


c local wing chord 
b /5 
J ο- ἂγ 
С mean aerodynamic chord of wing, —9— — —— 
pole “К 
ο 
аст, | 
— rate of change of lift coefficient with angle of attack, per deg ` 
da (The slope is measured between lift coefficients of -0.2 


and +0.2.) 


F 
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– ]ift-drag ratio 


6 maximum lift-drag ratio 
max 


thickness of the trailing edge 


M free-stream Mach number 
α free-stream dynamic pressure 
R Reynolds number based on the mean aerodynamic chord of the wing 
r radius of body 
S wing area formed by extending the leading and trailing edges to 
the plane of symmetry 
t maximum wing thickness 
x longitudinal distance from nose of body 
y lateral distance measured perpendicular to plane of symmetry 
α angle of attack of body axis, deg 
APPARATUS 


The experimental investigation was conducted in the Ames 6- by 6-foot 
supersonic wind tunnel. In this wind tunnel, the test Mach number can 
be varied continuously and the stagnation pressure can be regulated to 
maintain a given test Reynolds number. 


The models were mounted on a straight sting in the wind tunnel, the 
diameter of the sting being about 93 percent of the diameter of the body 
base. А 4-inch-diameter, four-component, strain-gage balance enclosed 
within the body of the model measured the aerodynamic forces and moments 
experienced by the model. 


The model and pertinent dimensions are shown in figure 1. Тһе air- 
foil section of each of the four wings considered in the present inves- 
tigation is illustrated in figure 2. The sections having a blunt trail- 
ing edge were derived by thickening the section at the trailing edge 
to 0.3 of the maximum thickness and fairing to the biconvex surface by 
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means of straight lines, The forward half of the round-nose sections 
was а semiellipse which for the thickness ratios considered closely 
resembled the МАСА 66-003 airfoil section.1 


The solid steel wing of reference 1, having a 3-percent-thick bicon- 
vex section, was modified, by the addition of bismuth-tin alloy, to 
obtain the desired contours for the remaining three wings. With the 
exception of the aluminum nosepiece, the body was constructed of steel. 
All exposed surfaces of the wing and body were smooth and polished. 


REDUCTION OF DATA 


A complete discussion of the methods used to reduce the wind-tunnel 
data to coefficient form and of the various corrections applied to the 
data can be found in reference 1. These corrections, which were of the 
same magnitude for all models, account for the following factors: 


1. Induced effects of the tunnel walls at subsonic speeds resulting 
from lift on the model. The magnitude of these corrections which were 
added to the uncorrected data were as follows: 


Aa = 0.57 Ст, deg 


ACp = 0.0100 C? 


2, Change in the-velocity of the air stream in the vicinity of the 
model at subsonic speeds due to constriction of the flow by the tunnel 
walls. At а Mach number of 0.93 (the maximum subsonic Mach number at 
which data up to tl? angle of attack could be obtained without choking 
the wind tunnel) this correction amounted to about а 3-percent increase 
in the Mach number over that determined from a calibration of the wind 
tunnel without а model in place. 


3. The longitudinal force experienced by the body of the model due 
to the streamwise variation of static pressure measured in the test sec- 
tion at subsonic and supersonic speeds without a model in place. This 
correction varied from -0.0007 (at а Mach number of 1.3) to 40.0010 (at 
& Mach number of 0.93). 


It should be noted that the drag coefficlents presented herein have 
been adjusted to represent drag coefficients for which the fuselage base 
pressure would be equal to the free-stream static pressure. 


Тре ordinates of the NACA 66-003 section were obtained by halving the 
ordinates of the NACA 66-006 section. 
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Tests of the models having the round-nose airfoils in both an upright 
and inverted position have indicated that an effective stream angle of 
about -0.19 exists in the pitch plane of the models at both subsonic and 
supersonic speeds. The data presented herein have not been corrected for 
this effect. 


RESULTS AND DISCUSSION 


The data obtained during the present investigation of two tapered 
unswept wings with blunt-trailing-edge sections have been tabulated in 
tables I and II. Comparable data for the wings having 8 sharp-tralling- 
edge section have been presented in the tables of reference 3. Analysis 
of the data from reference 3 showed that the drag data obtained at the 
Lower test Reynolds numbers (1.4 million and 2.4 million) at subsonic 
speeds exhibited considerable asymmetry between data obtained at positive 
and negative lift coefficients. At supersonic speeds, the slight asym- 
metry observed was considerably less than at subsonic speeds and was 
considered to be within the accuracy of the drag measurements. 


As а, consequence of the above analysis, only data obtained at the 
highest test Reynolds number (3.8 million) are presented graphically at 
both subsonic and supersonic Mach numbers. At supersonic speeds, how- 
ever, data obtained at a Reynolds number of 2,4 million have also been 
presented graphically for all models in order to extend or supplement 
the range of Mach numbers, since power limitation restricted the super- 
sonic Mach number range at the highest test Reynolds number. 


Effect of Trailing-Edge Bluntness 


Lift and pitching-moment characteristics.- The variations of lift 
coefficient with angle of attack and of pitching-moment coefficient with 


lift coefficient for the models under consideration are presented in 
figures 3 and 4, respectively. The variation with Mach number of the 
iift-curve slope and position of the aerodynamic center are presented 
in figures 5 and 6, respectively. The results show that blunting the 
trailing edge of a sharp-nose airfoil increased the value of lift-curve 
slope throughout the lift-coefficient range, as shown in figure 3, and 
the Mach number range, as shown in figure 5. This increase was most 
evident at subsonic speeds and in the range of lift coefficients, -0.2 
to 0.2 (for which the results of fig. 5(a) are applicable), wherein the 
wing with the biconvex section exhibited low values of lift-curve slope. 
These small values of lift-curve slope near zero lift have been observed 
in two-dimensional investigations at subsonic speeds of 6- апа 10-percent- 
thick biconvex sections &t Reynolás numbers comparable to those of the 
=> <> 173 
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present investigation (refs. Н and 5). Reference 4 indicates, however, 
that at Reynolds numbers approaching full scale (18 million), the non- 
linear variation near zero lift is eliminated and the value of the lift- 
curve slope is substantially increased. It is believed, therefore, that 
the benefits indicated in figure 5(8) that result from blunting the 
trailing edge of the sharp-nose airfoil are optimistic, and that at full- 
scale Reynolds numbers such benefits at subsonic speeds would resemble 
more closely those shown for the round-nose section (fig. 5(b)). The 
increase in lift-curve slope, due to blunting the trailing edge of the 
wing with the round-nose section, &t the high subsonic Mach numbers is 
attributed to the greater lifting pressures developed over the rear por- 
tion of the airfoil, due to the rearward shift of the terminal shocks. 
This increase in the loading (lifting pressure) near the trailing edge 
at the high subsonic Mach numbers is indicated also by the more negative 
pitching-moment coefficients shown in figure 4. At supersonic speeds 
the observed increase in the value of the lift-curve slope due to blunt- 
ing the trailing edge of the wing with the sharp-nose airfoil is greater 
than would be predicted by two-dimensional second-order theory. ‘The 
reason for this effect is not known at present. 


Blunting the wing trailing edge to 0.3 of the maximum thickness of 
the airfoil for the wings having either a round-nose ог sharp-nose air- 
foil reduced the over-all travel of the aerodynamic center with variation 
in Mach number (fig. 6). This result was in agreement with that shown 
by reference 1 for wings with trailing-edge thickness equal to or greater 
than one-half the maximum thickness. 


Drag characteristics.- The variation of the drag coefficient at var- 
ious lift coefficients with Mach number for the models under considera- 
tion is presented in figure 7. Blunting the trailing edge increased the 
minimum drag of the models with either the sharp-nose or round-nose air- 
foils, at all test Mach numbers. At subsonic speeds the increment in 
minimum drag, due to blunting the trailing edge, was about constant for 
both the sharp-nose airfoil and the round-nose airfoil. However, at 
supersonic speeds, the variation with Mach number of the increment in 
minimum drag for the sharp-nose airfoil and the round-nose airfoil was 
noticeably different. In the former case the increment remained about 
constant, whereas in the latter case the increment decreased with increas- 
ing Mach number. Results of a free-flight investigation (ref. 6) of a 
wing-body combination, having a plan form similar to that of the model 
of the present investigation, indicate that at a Reynolds number of about 
8.0 million the increment in drag due to blunting the trailing edge of a 
wing with a h-percent-thick biconvex airfoil decreases with increasing 
supersonic Mach number. Thus, it is possible that at higher Reynolds 
numbers the increment in drag noted for the sharp-nose airfoils would 
decrease with Mach number in а manner similar to that noted for the 
round-nose airfoils. 
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Blunting the trailing edge of the wings, having eitber the sharp or 
the round leading edges, in general, reduced the maxlmum lift-drag ratio 
only slightly at subsonic speeds (see fig. 8), in spite of the large 
increase in the minimum drag noted previously. The favorable character- 
istics of drag due to lift indicated at subsonic speeds are believed. to 
be related to an increase in the base pressure (negative drag) at the 
blunt trailing edge of the wings with angle of attack. (See ref. 1.) 

At supersonic speeds, the results of figure 7 indicate that the effects 
of blunting the trailing edge upon the characteristics of drag due to 
lift of these wings were influenced by the shape of the leading edge. 
The characteristics of drag due to lift of the wing with the round lead- 
ing edge were improved by blunting the trailing edge; as а result, the 
maximum Lift-drag ratios for the round-nose airfoil were not affected 
(fig. 8). The characteristics of drag due to lift of the wing with the 
sharp leading edge were not influenced significantly by blunting the 
trailing edge, with the result that the maximum lift-drag ratios were 
reduced due to the increase in minimum drag. 


Effect of Variation in Trailing-Edge Thickness 


The variation of several aerodynamic parameters with trailing-edge 
thickness parameter h/t for the model having a sharp-nose airfoil, at 
five selected Mach numbers, is presented in figures 9 and 10. The 
results presented for thicknesses of one-half and greater were obtained 
from reference 1.2 Тһе data indicate that the value of the lift-curve 
slope at each Mach number is relatively unaffected by thickening the 
trailing edge beyond h/t = 0.3. Except at a Mach number of 0.91, the 
position of the aerodynamic center was not influenced by variations in 
the trailing-edge thickness. At all Mach numbers, the minimum drag 
increased with increasing value of h/t. The maximum lift-drag ratios 
are reduced slightly as the trailing edge is thickened from О to 0.3 of 
the maximum section thickness and then are decreased appreciably with 
further increases in trailing-edge thickness. 


Effect of Wing Nose Shape 


Lift and pitching-moment characteristics.- The variations of lift 
coefficient with angle of attack and of pitching-moment coefficient with 


lift coefficient for the models are presented in figures 11 and 12, 
respectively. The variation with Mach number of the lift-curve slope 
and position of the aerodynamic center are presented in Pigures 13 

and lh. With the exception of the lift-curve slopes for the wings with 


“Data obtained at subsonic Speeds were corrected in the manner described 


in reference 3. 
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sharp trailing edges at subsonic speeds, little difference was noted. in 
the lift amd pitching-moment characteristics near zero lift for wings 
with either sharp or round leading edges (see figs. 13 апа 1). As 
mentioned previously, however, the small lift-curve slopes of the wing 
with a biconvex section at subsonic speeds are believed to be a Reynolds 
number phenomenon; at full-scale Reynolds number, it would be expected 
that the lifi-curve slope for this wing would be Larger and approach 
that of the wing with the round-nose sharp-trailing~edge section. 


At lift coefficients outside the range for which the results of 
figures 13 and 14 are applicable, -0.2 to 0.2, the most significant effect 
of rounding the leading edges of these wings occurred at a Mach number of 
0.91 (see figs. 11 and 12). For wings with either sharp or blunt trailing 
edges, rounding the leading edges reduced the lift coefficient at which 
the wings became neutrally stable by approximately 0.1. 


Drag characteristics.- The results of figure 15 indicate that the 
effects on the minimum drag due to rounding the leading edges of the 
wings were influenced by Mach number. At Mach numbers above 1.2, the 
minimum dr&g coefficients were greater for the models with round leading 
edges while at subsonic speeds, the opposite effect was obtained. The 
reduction in minimum drag at subsonic speeds is believed to be related 
to the larger regions of laminar boundary layer present on the wings with 
rounded leading edges (see ref. 3). The increase in minimum drag observed 
at Масћ numbers greater than 1.2 is related directly to the higher wave 
drag associated with the bow wave being detached from the round leading 
edges. 


А comparison of the variation of maximum lift-drag ratio with Mach 
number (fig. 16) shows that rounding the leading edges of the wings 
increased the (L/D) max significantly only at the lower subsonic Mach 
numbers and decreased the (L/D) ах at supersonic speeds. The increase 


noted at the lower subsonic Mach numbers was due to both a reduction in 
minimum drag and in the drag due to lift (see fig. 15). Examination of 
the results indicates that when the critical Mach number is exceeded, 
the value of the drag due to lift for the wings with round leading edges 
approaches that for the wings with sharp leading edges. The effects of 
rounding the leading edges of the wings on the maximum lift-drag ratio 
then results primarily from changes in the minimum drag coefficient. 


CONCLUSIONS 


The present report presents results of a wind-tunnel investigation 
to determine the effects of blunting the trailing edge &nd of rounding 
the leading edge upon the aerodynamic characteristics of а plane tapered 
wing of aspect ratio 3.1 in combination with a body. For the Mach 
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numbers considered in the present investigation, O.61 to 0.93 and 1.20 
to 1.90, the following results were obtained: 


l. The investigation of the effects of blunting the trailing edge. 
of wings, having either round- or sharp-leading-edge airfoils, to 0.3 of 
the maximum airfoil thickness showed that: 


(a) At high subsonic speeds and at a Reynolds number of 
3.8 million, blunting the trailing edge increased the lift- 
curve slope and reduced the forward movement of the aero- 
dynamic center with Mach number without, in general, an 
appreciable decrease in the value of the maximum lift-drag 
ratio. 


(b) At all test Mach numbers, blunting the trailing 
edge increased the minimum drag. 


2. The investigation of the effects of variation in the trailing- 
edge thickness of the wing having a sharp-leading-edge airfoil showed 
that for the range of Mach numbers considered, there were no aerodynamic 
benefits to be derived by thickening the trailing edge beyond 0.3 of the 
maximum airfoil thickness. 


3. The investigation of the effects of rounding the leading edge 
of wings having either а sharp or a blunt trailing edge of 0.3 the maxi- 
mum section thickness showed that: 


(a) Rounding the leading edge reduced the minimum drag 
and, in general, increased the maximum Lift-drag ratio at 
subsonic speeds while having the opposite effect at super- 
sonic speeds. 


(b) Only the Lift characteristics of the sharp-trailing- 
edge airfoil were affected by rounding the leading edge. 
These effects were, however, confined to data obtained at 
subsonic speeds and in the vicinity of zero lift. 


(c) At all Mach numbers, the pitching-moment charac- 
teristics of either the blunt- or sharp-trailing-edge 
models in tbe region of zero lift were not influenced by 
rounding the leading edge. At high subsonic speeds (M=0.91) 
rounding the leading edge reduced the lift coefficient at 
which the longitudinal stability became neutral. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif., Jan. k, 1954 
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TABLE I.- WIND-TUNNEL DATA FOR AN UNSWEPT WING OF ASPECT RATIO 
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TABLE ТТ.- WIND-TUNNEL DATA FOR AN UNSWEPT WING OF ASPECT КАТТО 3.1 WITH 
3-PERCENT-THICK, SHARP-NOSE, BLUNT-~TRATLING-EDGE SECTION 


du dui ui е 
o 


ШЫ 


S 


R=3,8&10% [μ»ο.Τι 323.5a0* 


„01% 0216 
„0157 „18 
„6179 „05068 
„0221 .0106 
-0292 .0103 
.0138 .0103 
кете rr 
т 0108 
qo “oie 
„оез ,U1À2 
„САВА .0201. 
στα -0292 К 
19569 „1059 . 
1963 „1563 . 


Т 


OTkT 
Ë ° 
.OghT «ορ 
„0197 .0182 
„0150 -014 
.0132 0135 «(119 
.0121 -0116 „0112 
one «στ JOLOT 
z .0109 -0111 
Р .0109 
.0109 
.0107T 


[ΕΗ ΠΗ 


ΓΗ 


EAEE 


hs 


Ly 


NACA RM ΑΠΛΟΙ 


/6 42 


Al! dimensions Equation of fuselage radii: 


shown in inches 


I- [0-22] 


Moment Center 


24.73 | 


5.95 
968 
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Figure Ἱ.- Plan view end front view of model. 
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(a) Sharp-nose airfoils. 


Figure 3.- Effect of blunt trailing edge (h/t = 0.3) on the variation of lift coefficient with 


angle of attack at various Mach numbers. 
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(в) Sharp-nose airfoils. 


Figure !.- Effect of blunt tralling edge (h/t = 0.3) on the variation of pitching-moment coeffi- 


clent with lift coefficient at various Mach numbers, 
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(b) Round-nose airfoils. 


Figure 4.- Concluded. 
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-~ Mach number, M 
(а) Sharp-nose airfoils 


Mach number, М 
(b) Round-nose airfoils. 


Figure 5.- Effect of blunt trailing edge (h/t 
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= 0.3) on the variation of lift-curve slope with 
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(b) Round-nose airfoils 


Figure 6.- Effect of blunt trailing едде (h/t = 0.3) on the variation of aerodynemic center with 


Mach mmber. 
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(а) Sharp-nose airfoils. 


Figure T.- Effect of blunt trailing edge (h/t = 0.3) on the variation ОР 
drag coefficient at various lift coefficients with Mach number. 
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(b) Round-nose airfoils. 


Figure 7.- Concluded. 
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(а) Sharp-nose airfoils. 
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(b) Round-nose airfoils. 


Figure 8.- Effect of blunt trailing edge (h/t) = 0.3) on the variation 
of maximum lift-drag ratio with Mach number. 
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Figure 9.- Variation of lift-curve slope and &erodynamic center of the sharp-nose airfoll with 
trailing-edge thickness parameter, h/t. 
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Figure 10.- Variation of minimum drag coefficient and maximum lift-drag ratio of the sharp-nose 
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(а) Sharp-trailing-edge airfoils. 


Figure 11.- Effect of rounding the section leading edge on the variation of lift coefficient with 


angle of attack. 
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(b) Blunt-trailing-edge &lrfoils. 


Figure ll.- Concluded. 
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(а) Sharp-trailing-edge airfoils. 
Figure 12,- Effect of rounding the section leading edge on the variation of pitching-moment coef- 
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(b) Blunt-trailing-edge airfoils. 


Figure 12.- Concluded. 


‚06 


е 


Mach number, М 
(а) Sharp- tratling-edee airfolls. 


αν 
3. 8 x i08 said 
ο 


У md ы. ү 


(b) Blunt-trailing-edge airfoils. 


Figure 13.- Effect of rounding the section leading edge on the variation of lift-curve slope with 


Mach number. 
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(а) Sharp-trailing-edge airfoils. 
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(b) Blunt-tralling-edge airfoils. 
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Figure 14.- Effect of rounding the section leading edge on the variation of aerodynamic center 
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(а) Sharp-trailing-edge airfoils. 


Figure 15.- Effect of rounding the section leading edge on the variation 
of dr&g coefficient &t various lift coefficients with Mach number, 
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(b) Blunt-trailing-edge airfoils. 


Figure 15.~ Concluded. 
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